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Optical disc having focus ofi&et area 



The invention relates to a record carrier of a writable type for recording 
information by writing marks in a track. 

The invention further relates to a device for scanning the record carrier. 



US Patent Application US2002/01 50005 describes a record carrier comprising 
a guide groove, usually called pregroove, for indicating the position of tracks in which the 
information is to be represented in a predefmed manner by recording optically readable 
marks. The pregroove is meandering by a periodic excursion of the track in a transverse 
direction (further denoted as wobble). The wobble may be varied in period according to 
additional information such as addresses. The corresponding scanning device has auxiliary 
detectors for generating tracking servo signals based on the wobble for detecting a spatial 
deviation of the head with respect to the track. The tracking servo signals are used to control : 
actuators to position the head on the track. The variations in period of the wobble are 
detected for retrieving the auxiliary information, e.g. address information. For focusing tiie 
beam the device performs a focus adjustment fonction by reading a focus area provided with 
pre-produced data patterns. The servo ofGset is adjusted based on an error rate or jitter value 
of a read-out signal during scanning the data patterns. Ihe pre-produced dala patterns have to 
be applied on the record carrier during manu&cture of the record carrier. As such pre- 
produced data patterns are dififerent from the pregroove, additional production steps are 
required. 



Therefore it is an object of the invention to provide a record carrier and a 
scanning device for adjxisting the focusing of a scanning beam which do not require a pre- 
produced data pattern for adjusting the focus offset 

According to a first aspect of the invention the object is achieved with a record 
carrier of a writable type for recording information by writing marks in a track on a recording 
layer via a beam of radiation entering through an entrance fece of the record carrier and 
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constitating a scanning spot having an effective diameter on the track, the marks having 
lengths corresponding to aa integer number of channel bit lengths T and flie shortest madcs 
having a length of a predefined tninimnm number d of channel bit lengths T for being 
detectable via the scanning spot having said effective diameter, tiie recording layer 

5 conqirising a pregroove for indicating the track, ihe pregroove exhibiting a wobble 

constituted by displacements of the pregroove in a direction transverse to the longitiidinal 
direction of the track, and tiie pregroove campnsmg a pregroove modulation of the deptii 
and/or width of pregroove areas for constituting a carrier pattern containing long maiks, tiie 
long marks having lengths of at least two times tiie predefined minimum nuinber d of channel 

10 bit lengths T for being substantially longer tiian tiie effective diameter of tiie scanning spot, 
and 

the carrier pattern constituting a focus area at a predefined location on tiie recording layer. 

According to a second aspect of the invention the object is achieved with a 

device for scanning a track on tiie above mentioned record carrier via a beam of radiation, the 

15 device comprising a head for providing tiie beam, focus servo means for focusing tiie beam 

on tiie track for constituting said scanning spot, a firont-end unit for generating a scanning 

signal for detecting marks in the Hack, and a focus adjushnent unit for locating tiie focus area 

and for adjusting the focus servo means in dependence on an anq)Utiide of the scanning 

signal due to the carrier pattern during scanning tiie focus area. 
20 TMs has tiie advantage tiiat tiie carrier pattern is produced during manufacture 

of the record carrier using flie same production steps already used for producmg the 
pregroove. The effect of including tiie long marics in tiie carrier pattern is tiiattiie focus offeet 
tiiat is detected based on tiie maximum amplitude of tiie scanning signal corresponds 
substantially to tiie optimum focus ofifeet The long marks are substantially longer tiian tiie 
25 effective diameter of tiie scanning spot, v*ich effective diameter is effective fot reading out 
marics from at least a predefined minimum size, and is usually defined as tiie diameter at 
which the intensity of radiation is down 50% of its peak vahie. 

The invention is also based on the following recognition. In high density 
optical recording focus offset is used to improve tiie read-out signal, which for example may 
30 be impaired due to optical aberration effects caused by a non-ideal deptii position of tiie 

recoiding layer. Htter is generally known to be an indicator for errors occurring during read- 
out of marks tiiat represent user data according to a channel coding using different mark 
lengflis. Hence jitier may be measured when a data pattern is available. However tiie 
inventors considered omitting tiie prevratten data pattern and ^plying a pregroove 
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modulation to iirovide a focus pattern. The amplitude and quality of the read-out signal of the 
pregroove modulation proved to be relatively low. Hence jitter measurements are impractical. 
Surprisiagly it was found that a maximum value of a push pull signal (usually detected from 
the pregroove for positioning ttie head on the track at the correct focus) does also not 
correspond to the best focus ofi&et The inventors have seen that when applying amplitude 
measurements on a pregroove modulation pattern for determining focus o:^et, the maximum 
anq>litude does not necessarily coincide with the best ofi&et value. In particular deviations of 

amplitude and best focus w^re found when using short marks. Hence the carrier 
pattern includes sufficient Icmg marks for detectmg the an^litude due to the long marks. 

Lot an embodiment the record carder comprises at least a first recording layer 
and a second recording layer, the first recording layer being present at aposition closer to the 
entrance &ce tiian ftie second recording layer, and each recording layer having the focus 
pattern. This has the advantage that the focus of&et for each layer is adjustable via the 
respective focus pattern. In particular eflfects from stray light from the layer which is out of 
focus can be corrected by maximizing the amplitude of the signal due to the carrier pattern 
containing long marks. 

In an embodiment of the record carrier the carrier pattern substantially only 
contains said long marks. Such a carrier pattCTi is mainly constituted by long marks, i.e. a 
pattern haviag at least 50% marks that are long with respect to the effective diameter of the 
scanning spot Advantageously such a carrier pattern provides maximum signal an[q>litude, 
which corresponds to the best focus of&et 

It is noted that European Patent ApplicaticHi EP 1 136 988 describes an optical 
recording medium CQnq>rising focus test patterns of marks in a focus area. In particular the 
test patterns are constituted by short marks, such as 2T or 3T. User data is recorded using a 
run length limited code, such as the RLL (1,7) code, wherein at least 1 and at most 7 channel 
bits of a same signal value are between signal transitions, resulting in marks of 2 to 8 channel 
bit lengths (2T to 8T). For focusing a scanning beam a device performs a focus adjustment 
function and determines a focus offeet by reading the focus test patterns. The focus servo 
gain is adjusted based on amplitode differences of a read-out signal at different read focus 
offsets. In the current invention the carrier pattern in the focus area is constituted by 
pregroove modulation that contains said long marks. 

Further preferred embodiments of the device according to the invention are 
given in the further claims. 
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These and other aspects of the invention will be apparent from and elucidated 
further with reference to the embodiments described by way of example in the following 
description and with reference to the accompanying drawings, in which 

Figure la shows a disc-shaped record carrier. 

Figure lb shows a cross-section taken of the record carrier. 

Figure Ic shows an example of a wobble of the track. 

Figure Id shows a wobble having a pregroove modulation by variations of the 

width. 

Figure le shows a wobble having a pregroove modulation by variationis of the 

depth, 

Figure 2 shows a scanning device having focus adjustment. 

Figure 3 shows a multilayer optical disc. 

Figure 4 shows the focus error signal S-curve, 

Figure 5 shows a multilayer optical disc and stray light. 

Figure 6 shows reflected light on a detector. 

Figure 7 shows the focus error signal S-curve and focus of&et. 

Figure 8 shows jitter values for a dual layer disc. 

Figure 9 shows a read signal as a function of focus-ofiset for the LI layer of a 
dual layer disc, and 

Figure 10 shows the jitter as a function of focus-of&et for the LI layer of a 
dual layer disc. 

hi the Figures, elements which correspond to elements akeady described have the same 
refcTCTce numa:als. 

Figure 1 a shows a disc-shaped record carrier 1 1 having a track 9 and a central 
hole 10. The track 9 is arranged in accordance with a spiral pattem of turns constituting 
substantially parallel tracks on an information layer. The record carrier may be an optical disc 
having an information layer of a recordable type. Examples of a recordable disc are the CD-R 
and CD-RW, and the DVD+RW. The track 9 on the recordable type of record carrier is 
indicated by a i»:e-embossed track structure provided during manu&cture of Ihe blank record 
carrier, for exan^le a pregroove. Recorded information is represented on the information 
layer by optically detectable marks recorded along the track. The marks are constituted by 
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variations of a first physical paiameter and thereby have dififeteirt optical properties than their 
surroimdtngs, e.g. variations in reflection. 

Figure lb is a cross-section taken along the line b-b of the record earner 1 1 of 
the recordable type, in which a transparent substrate 15 is provided with a recording layer 16 
5 and a protective layer 17. The track structure is constituted, for example, by a pregroove 14 
which enables a readAvrile head to follow the tack 9 during scanning. The pregroove 14 may 
be implemented as an indentation or an elevation, or may consist of a material having a 
different optical property than the material of the pregroove. The pregroove enables a 
readAvrite head to follow the track 9 during scanning. A track structure may also be formed 

10 by regularly spread sub-tracks which periodically cause servo signals to occur. The record 
carrier may be intended to carry real-time information, for example video or audio 
information, or other information, such as computer data. 

Figure Ic shows an example of a wobble of the track. The Figure shows a 
periodic variation of the lateral position of fte track, also called wobble. The variations cause 
an additional signal to arise in auxiliaiy detectors. e.g. m the push-pull chamxel generated by 
partial detectors m the central spot in a head of a scanning device. The wobble is, for 
example, fi»quency modulated and position mformation is encoded in the modulation. A 
comprehensive description of the prior art wobble as shown in Figure Ic in a writable CD 
system comprising disc information encoded in such a manner can be found in US 4,901 300 
20 (PHN 12.398) and US 5,187,699 (PHQ 88.002). 

During readout by scanning the track modulation of the wobble is detectable 
via a second type of variations of the radiation, such as variation of intensity in the cross 
section of the reflected beam detectable by detector segments or additional detectors for 
generating tracking servo signals. Detecting &e wobble for a tracking servo system is well 
25 known fixjm the above mentioned CD-R and CD-RW system. 

User data can be recorded on the record carrier by maris having discrete 
lengths in unit called chamiel bits, for example according to the CD or DVD chamiel coding 
scheme. The maris are having lengths correspondmg to an integer number of channel bit 
lengths T. The shortest maris that are used have a length of a predefined minimmn number d 
of chamiel bit lengflis T for being detectable via fte scamung spot on the track that has an 
effective diameter, usually bemg roughly equal to the length of the shortest mark. 

According to the invention the record carrier has a focus area 12 at a 
predefined location on flie recording layer. Ihe predefined position is indicated schematically 
as a part of the track 9 by the rectangle 12 in the Figure, but in practice the focus area has 
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sufficient length for allowing a maximmn read signal to be determined, e.g. a few windings 
of the track. Usually the focus area can be located when the focus is not yet optimized^ e.g. 
addresses can be detected firom the pregroove. 

In an embodiment the predefined position is an area covering a predefined 
5 radial range to allow a device to locate the focus area based on the radial positioning of the 
optical head without Ihe need to read the addresses in the track. 

The focus area 12 is provided for performing a focus adjustment procedure as 
discussed below for setting a best focus of&et, which results in a low jitter in the read-out 
signal of the user data. The focus area 12 is provided with a carrier pattern containing long 

10 marks during tnanufecture of the record carrier. The carrier pattern is a series of prewritten 
marks lhat includes ntmrks that are long con:q)ared to the length of the shortest mark used for 
user data encoding for being substantially longer than the effective diameter of the scaiming 
spot In particular the long marks have lengths of at least two times the predefined minimum 
number d of channel bit lengths T. In various embodiments the carrier pattern may be 

IS constituted by long marks having a single length, or may be a predefined pattern using a few 
lengths, or may be randomly varied or may be modulated for encoding further information. 

In an embodiment of the invention the shortest marks for recording the main 
information have a length of a 3 channel bit lengths, usually denoted as d = 3T or 31. For 
example in DVD the channel code is an RLL (2,10) code having a minimum length of 3T, 

20 and a maxrmum iCTigth of 1 IT, while maiks of 14T are used for syncluxmi2a^ 

system the long marks have at least a length of 6T or 7T, but preferably have lengths of at 
least 8T. A practical single tone carrier pattern has long masks of a single size, e.g. pits and 
intermediate lands having a length of 1 IT. It is noted that for a wobble corresponding to a 
predefined number of channel bit lengths suitable pregroove mark lengths are selected to 

25 constitute a pattern fitting tliat predefined number. For a wobble of 32 channel bits like in 
DVD+RW, a suitable length is 8T pregroove pits alternating with 8T pregroove lands. 
Suitable ranges of lengths for encoding information in the long marks are a range of 6T to 
14T,orlOTtol2T. 

In an embodiment of the invention the record carrier is provided an area of pits 
30 and lands like prerecorded data on read-only record carrier for ccmstituting the focus area 
with Ihe carrier pattern. The pits and lands are long compared to the shortest user data pits as 
indicated above. 
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Accoiding to an embodiment of the invention Hie piegioove is provided with a 
piegtoove modulation constituted by variations of a physical parameter related to the shape 
of the pregroove as discussed below. 

Figure Id shows a wobble having a pregroove modulation by variations of the 
width. The Figure shows the wobbled pregroove 14 having a pregroove modulation 13. The 
shape of flie pregroove, being the local cross-sectional shape, is changed according to an 
additional information signal to be encoded. Such change in shape affects the radiation 
reflected from the track during scamiing, and can be detected thereby. As shown in the Figure 
the width of the pregroove is modulated according to a digital modulation pattern. 

Figure le shows a wobble having a pregroove modulation by variations of the 
depth. As shown the dqrth is varied digitally for constituting pregroove pit areas 18 having a 
predefined depth and pregroove land areas 19 having a zero deptii (i.e. no pregroove is 
present). Otiier variations of depth may be used instead. 

For naanu&cture of such a record carrier a master disc is made. During the 
mastering process, the pr^roove is written by a laser beam recorder. The wobble is made by 
irnposing a small lateral offeet of the nominal centre position of the track, and the intensity of 
the laser power of the mastering laser beam is further modulated to provide tiie pregroove 
slu^ modulation. 

In an embodiment the pregroove (width, depth) modulation alraig the track is 
used to generate an additional data channel The unrecorded disc (R or RW type) then 
contains additional mastered data, for example recording control data. The additional data 
may be encoded using a channel code similar or equal to the channel code used to encode the 
main user data. This has tiie advantage that no additional drcuitiy is needed fijr decodmg the 
additional data. In an embodiment a different modulation is used, i.e. a channel modulation 
code diffoing fix)m the channel code used to encode the niam user data. This aUo\^ 
modulation to be used for encoding infinmation in the pregroove that is optimized for not 
disturbmg flie other prt^eriies of the pregroove, e.g. a modulation having 'constant length 
pulses' encoding the additional data by the position of the pulses. 

Inanembodim^tthe &CUS area is located in an area that, according to a 
required standardized format like DVD, does not contain relevant HF data, for exanaple in tiie 
lead-out zone or in the middle zone. 

In an embodiment the additional data in the pregroove is modulated for 
distinguishing the additional data from superimposed high-frequency main user data, e.g. run 
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length-modulated, ftequency-modulated, ampHtode-modulated, phase-modulated, or any 
other modulation scheme, which is different ftom the modulation of the main user data. 

Figure 2 shows a scanning device having focus adjustment The device is 
provided with meaos for scanning a track on a record carrier 1 1 which means include a drive 
5 unit 21 for rotating the record carrier 1 1, a head 22, a servo unit 25 for positioning the head 
22 on the track, and a control unit 20. The head 22 comprises an optical system of a known 
iype for generating a radiation beam 24 guided tiirough optical elements focused to a 
radiation spot 23 on a track of the information layer of the record carrier. The radiation beam 
24 is generated by a radiation source, e.g. a laser diode. The head fiirther con^Mises (not 
10 shown) a focusing actuator for moving tiie focus of tiie radiation beam 24 along flie optical 
axis of said beam and a tracking actuator for fine positioning of tiie spot 23 in a radial 
direction on tiie center of tiie track. The tracking actuator may campxise coils for radially 
moving an optical element or may alternatively be arranged for changing tiie ang^e of a 
reflecting element The focusing and tracking actuators are driven by actuator signals fixm 
15 tiie servo unit 25. For reading tiie radiation reflected by tiie information layer is detected by a 
detector of ausual type, e.g. a four-quadrant diode, in tiie head 22 for generating detector 
signals coupled to a front-end unit 3 1 for generating various scanning signals, including a 
mam scanning signal 33 and error signals 35 for tracking and focusing. The error signals 35 
are coupled to tiie servo unit 25 for controlling said trackmg and focusing actuators. The 
20 main scanning signal 33 is processed by read processing unit 30 of a usual type including a 
demodulator, deformatter and output unit to retrieve tiie information. 

The control unit 20 controls tiie scanning and retiieving of information and 
may be arranged for receiving commands from a user or fiwm a host con^uter. The conti»l 
unit 20 is connected via control lines 26. e.g. a system bus, to tiie oflier units in tiie device. 
25 The control unit 20 con^irises control circuitiy, for example a microprocessor, a program 
memory and interfeces for performing tiie procedures and fanctirais as described below. The 
control unit 20 may also be implemented as a state.machine in logic circuits. 

The device has a focus adjustinent unit 32 for locating the focus area and for 
adjusting tiie focus servo unit 25. The best focus is detected by scanning flie carrier pattern in 
30 tiie focus area as described below. The ampUtude of tiie scanning signal due to said long 

marks is detected during scanning tiie focus area. In particular a maximum of flie ampUtude is 
found by varying tiie focus offeet The focus adjustinent unit may also be implemented as a 
software function in tiie conliol unit 20, using tiie read circuity available in tiie read unit 30 
for detecting tiie an^litude of tiie signal due to tiie long marks. The canti»l unit 20 controls 
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fhe focus servo unit 25 and olher read-out functions for performing a focus adjustment 
fimction as discussed in detail below. 

In an embodiment the device has a pregroove demodulation unit 34 for 
detecting pregroove modulation in the scanning signal as follows. The main scanning signal 
5 33 is received from the front-end unit 3 1 , Recording control information is retrieved from the 
pregroove modulation by the pregroove demodulation unit 34. Timing recovery for 
reconstructing a data clock of the auxiliary signal can be based on the wobble frequency or 
on the pregroove modulation itsel£ In an embodiment timing recovery is based on the data 
clock retrieved for the msdn data. Synchronous detection can be ^plied for detecting the data 

10 bits of the auxiliaiy data. In an embodiment the pregroove modulation is .provided with a 
channel code and/or error correction codes different from the chaimel codes used in the user 
data, and the demodulation unit 34 is provided with a dedicated channel code demodulator 
and/or enor correction unit In an embodiment compcments in the signal 33 due to the marks 
of the main information are removed and components due to the marks of the pregroove . 

15 modulation are isolated, e.g. by a filter unit that has a low pass or band pass function 
specifically tuned to the long marks. 

In an embodiment the device is provided with recording means for recording 
information on a record carrier of a writable or re-writable type, for example CD-R or CD- 
RW, or DVD+RW or BD. The recording means cooperate with the head 22 and fcont-end 

20 imit 3 1 for generating a write beam of radiation, and comprise write processing means for 
processing the input information to generate a write signal to drive the head 22, which write 
processing means comprise an input unit 27, a formatter 28 and a modulator 29. For writing 
information the beam of radiation is controlled to create optically detectable marks in the 
recording layer. Thexnarksmaybeinany optically readable fomi,e.g. in the form of areas 

25 with a reflection coefQdent different fix>m their surroundings, obtain 

materials such as dye, alloy or phase change material, or in the form of areas with a direction 
of polarization different from their surroundings, obtained when recording in magneto-optical 
material. 

Writing and reading of information for recording on optical disks and 
30 formatting, error correcting and chaimel coding rules are well-known in the art, e.g. from the 
CD or DVD system. In an embodiment the iaput unit 27 comprises compression means for 
input signals such as analog audio and/or video, or digital uncompressed audio/video. 
Suitable compression means are described for video in the MPEG standards, MPEG-1 is 
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defined in ISO/IEC 1 1 172 and MPEG-2 is defined in ISO/IEC 13818. The input signal may 
alternatively be already encoded according to such standards. 

The focus adjustment unit 32, the focus servo unit 25 and the control unit 20 
are performing the focus adjustment function of finding the optimal focus-offset. First the 
focus area is located and the head is positioned on the track in the focus area. Subsequently 
the camet pattern of long marks is scanned and the read signal amplitude is detected for a 
range of focus oflfeet values. The maximum signal value indicates the best focus offeet value, 
which focus offeet value is stored in an offeet a^ustment setting in the focus servo unit In an 
embodiment the focus adjustment fonction is performed for a multilayer disc for each of the 
relevant layers separately. The fbcus area on the respective layer is located, and the finiher 
st^s are performed as indicated above for the first layer. Finding flie right focus offeet is 
important for writing recordable and rewritable discs. With a non-optimal focus offeet the 
data is written on the disc in a non-optimal manner, leading to increased jitter values 
(especially during read out). 

In an embodiment of the device main user data, also called high-fi^quency 
(HF) data, is superimposed on the modulated pregroove. This may be required for example 
for compatibility with a standard like DVD-ROM for creating a lead-in or lead-out area. It is 
noted that the area containing the pregroove modulation and HF data may show a degraded 
HF read-out signal. Also the pregroove modulation may be no longer detectable after 
superinqwsing. In an embodiment of the device tiie focus adjustment unit 32 is arranged for, 
as soon as recorded data is available on the record carrier, adjusting the focusing based on 
■ measurements of that data such as jitter, error rate or ant^litude. 

Writable and rewritable optical storage for video and data applications is a 

r^idly growing mariceL For DVD+R/+RW the storage c^adty is 4.7 Gbyte, which is a 
lunited amount of storage for video recording and data sq[>plications. More data storage 
edacity is desirable. An option is to use optical discs with multiple information layers. 

Figure 3 shows a multilayer optical disc. LO is a first recording layer 40 and 
LI is a second recording layer 41 . A first transparent layer 43 covers tiie first recording layer, 
a spacer layer 42 separates both recording layers 40,41 and a substrate layer 44 is shown 
below the second recordmg layer 41. The first recording layer 40 is located at a position 
closer to an entrance fece 47 of the record carrier than the second recording layer 41. A laser 
beam is shown in a first slate 45 focused on the LO layer and tiie laser beam is shown in a 
second state 46 focused at the LI layer. Each recordmg layer has the focus pattern. 
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Multilayer discs are already available as read-only pre-recoided discs, such as 
DVD-ROM or DVD-Video. A dual %er DVIH-R disc lias recently been suggested, which 
disc should preferably be compatible with the dual layer DVD-ROM standard. The reflection 
levels of both layers are >18%. The LO layer has a transmission around 50-70 %. A spacer 
layer separates the layers with a typical thickness between 30 and 60 nm. The LI layer has a 
high reflection and needs to be very sensitive. Also rewritable dual-layer discs are proposed. 
The LO layer has a transmission around 40-60 %. The effective reflection of both layers is 
typicaUy 7% ahhough lower and higher values are possible (3% - 18%). Writable and 
rewritable optical storage media having 3 or more recoidmg l^eis are considered also. 

Figure 4 shows the focus error signal S-curve. The focus error signal 48 is 
shown for a focus varied fix>m below to above a recordmg layer. For example in single l^er 
+RW and ROM, the optimal focus-offset is found by keeping tiie focus-enor at tiie zero 

crossing 49 of tiie S-cunre. Additional fine-tuning m^ be provided by optimizmg on pre- 
recorded data (in the case of the ROM disc). In dual layer DVD-ROM (DVD-9), the optimal 
focus-offeet is found by keepmg the focus-error at the zero crossing of tiie S-curve and Ihen 
subsequenfly further optimizing tiie focus offeet by minimizing the jitter of ti^^ 
signal. Here, Ihe optimal focus-offeet suffers from stray Ught from the otiier out-of focus 
layer and firan aberrations due to flie, in general, non-ideal depth of tiie in-focus layer, but 
tiiis can be compensated by optimizing on jitter. In (unrecorded) dual layer DVEM-R/H-RW no 
pre-recorded data is available to optimize tiie jitter values. 

Figure 5 shows a multilayer optical disc and stray tight LO is a first recording 
layer 40 and LI is a second recording layer 41 . The laser beam 45 is shown focused on tiie 
LO layer. Stray Kght 50 is shown reflecting fixjm tiie second layer LI tiiat is out of focus. In 
dual layer discs tiiere is a problem of finding tiie optimal focus-ofifeet value for writing while 
fliere is no pre-recorded data present and tiie focus oflfeet suffers from tiie non-uniform stray 
tight 50 from tiie l^er which is out of focus and from aberrations due to tiie non-ideal deptii 
position of the in-focus layer. 

Figure 6 shows reflected tight on a detector. A detector 61 of tiie four quadrant 
type is indicated schematically. The reflected Kght 62 contains out-of-focus stray tight, which 
gives a shadow over tiie detector which is non-uniform in intensity. 

Figure 7 shows tiie focus error signal S-curve and focus ofifeet The nominal 
focus 72 is shown at flie zero crossing. However tiie optimal focus offeet, i.e. tiie best offiet 
for minimizing jitter, is now shifted, eitiier to a positive offset 71 or a negative offiet 73. It is 
to be noted fliat not only stray tight, but also oflier effects are influencing tiie best ofifeet, such 
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as a deviation of the nominal thickness of the transparent top layer. In an embodiment the 
focus area is provided with pre-recorded large single tone carriers having long marks (e.g. of 
a length of 1 1 channel bits, such as pits and lands II l-Il 1). The focus area is located in a 
predefined area, for example in the lead in zone and/or lead-out zone of the dual layer disc. 
5 Preferably every recording layer contains a focus area. In an embodiment the pregroove is 
modulated to constitute pregroove lands and pregroove pits that have Ihe same groove depth 
as Ac pregroove for the data zone. Usmg the single tone carrier Ihe maximum readout signal 
anq>lilude leads to about tiie optimal focus offeet value for writing. In an embodiment the 
focus adjustment tiius found is forflier improved by a short writing test to fine tone the focus- 
10 of&et on jitter. 

It is noted that ance only the read signal is optimized the groove depth for tiie 
pre-recorded carrier pattern does not need to be optimized to provide the absolute maximum 
signal. Hence in the disc mastering conventional technotogy tiiat is necessary to manufecture 
thepregroovecanbeused. m all cases studied up till now, maximum signal ampUtade due to 
15 the long madcs corresponds to about the right focus offeet value. 

Figure 8 shows jitter values for a dual layer disc. Vertically Ihe jitter vahjes are 
indicated, and horizontally the readout signal values for indicating the maximum signal as a 
fimction of jitter on a dual layer disc. The upper curve 81 shows Ihe jitter values for tiie LI 
layer, and flie lower curve 82 shows tiie jitter values for tiie LO layer when reading tiie carrier 
20 pattern of long madcs. It can be seen ti»at the maximum signal values correspond to the best 
(Le. lowest) jitter vahies on both layers. Several discs have been investigated: standard 
DVD+RW disc, DL ROM disc, dual layer DVD+RW disc, single layer LO and LI +RW 
stacks, dual layer DVD+R disc, smgle layer LO and LI +R stacks. In all cases, minimum 
jitter ^ues were associated witii high long mark pattern (e.g. II 1 carrier) signal an^Utude. 

Figure 9 shows a read signal as a function of focus-offiet for the LI layer of a 
dual layer disc. Vertically tiie read signal values are mdicated. and harizontally tiie focus 
offset values for mdicating tiie maximum signal as a fonction of focus offeet on a dual layer 
disc. A first curve 9 1 indicated by gray triangles shows tiie read signal due to tiie long marks. 
A second curve 92 indicated by a dashed Hne shows a polynomial based on tiie first curve 9 1 
30 which mdicates tiiat Ihe maximum signal corresponds to an offiet of about -1 Volt, which 
corresponds to tiie best offeet as indicated in Figure 10. A tiiird curve 93 mdicated by 
diamonds shows tiie push pull signal, while a polynomial based on tiiat curve substantially 
covers tiie same signal values. No clear maximum can be found in tiie push-pull signal tiiat 
can be used to find a best focus offiet Note tiiat maxhnum push-pull signal is not direcfly 
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correlated to the lowest jitter values due to aberrations caused by the non-optimal focus 
deplfa. 

Figure 10 shows the jitter as a function of focus-ofifeet for the LI layer of a 
dual layer disc. Vertically the jitter values are indicated, and horizontally the focus ofiset 
5 values. A bathtub curve 95 shows the jitter which corresponds to e^qpected errors during data 
iead-<»ut as a function of focus offset on a dual layer disc. The best focus offset is around -1 
Volt which corresponds to the middle of the bathtub shaped curve 95. As shown in Figure 9 
the best offset value corresponds to the maximum of the read-out signal due to the canier 
pattern of long marks. 

10 Although the invention has been mainly explained by embodiments using 

optical discs based on change of reflection, the invention is also suitable for other record 
carriers such as rectangular optical cards, magneto-optical discs or any other type of 
information storage system that has a pre-applied pattern on a writable record canier. It is 
noted, that in this document the word 'comprising' does not exclude the presence of other 

15 elements or steps than Ihose listed and the word *a' or *an* preceding an element does not • 
exclude the presence of a plurality of such elements, that any reference signs do not limit the 
scope of the claims, that the invention may be intq)lemented by means of both hardware and 
soflware, and that several 'means' or 'units' may be represented by the same item of 
hardware or soflware. Further, the scope of the invention is not limited to the embodiments, 

20 and the invention lies in each and every novel feature or combination of features described 
above. 
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CLAINfS: 



1. Record cairier of a writable type for recording iofoiinattoii by writing marks in 
a track on a recording layer via a beam of radiation entering fhrough^an entrance face of the 
record carrier and constituting a scaiming spot having an effective diameter on the track, 

- the xnarks having lengths corresponding to an integer number of channel bit lengths T and 
5 the shortest marks having a length of a predefined mitiitn^ iin number d of channel bit lengths 

T for being detectable via the scanning spot having said effective diameter, 

- the recording layer comprising a pregroove (14) for indicating the track, the pregroove 
exhibiting a wobble constituted by displacements of the pregroove in a direction transverse to 
the longitudinal direction of Ihe track, and the pregroove comprising a pregroove modvdation 

10 of the depth and/or width of pregroove areas for constituting a carrier pattern containing long 
marks (18,19), 

- the long madcs having lengths of at least two times the predefined miniinnni numiber d of 
channel bit lengths T for being substantially longer than the effective diameter of the 
scaiming spot, and 

15 - the carrier pattern constituting a focus area (12) at a predefined location on the recording 
layer. 

2. Record carrier as claimed in claim 1, wherein the pregroove modulation 
comprises pregroove land areas (19) of zero depth alternating with pregroove pit areas (18) of 

20 a predefined depth and width for constituting said cairier pattern. 

3. Record carrier as claimed in claim 1 or 2, wherein the record carrier comprises 
at least a first recording layer (40) and a second recording layer (41), the first recording layer 
being present at a position closer to Ihe entrance &ce than the second recoiding layer, and 

25 each reccording layer having the focus pattem (12). 



4. Record carrier as claimed in claim 3, wherein each recording layer comprises 

the focus pattem (12) at a substantially corresponding radial position. 
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5. Record carrier as claimed in claim 1, wherein the predefined minimiim 

number d is 3 channel bit lengths T (d = 3T), and the long madcs have lengths of at least 6T, 
in particular the lengths being in the range of 8T to 14T. 

6_ Record cani^ as claimed in claim 1 , wherein the carrier pattern substantially 

only contains said long marks. 

7^ Record carrier as claimed in claim 1, wheiein the pregroove modulation is 

representing additional information encoded by the long maris accordmg to a predefined 
channel coding algorithm, vMOi predefined channel coding algoriflan differs ftom a channel 
coding algorithm representing said recorded information. 

8. Device for scanning a track on a record carrier (1 1) via a beam of radiation 

(24), the track comprising marks on a recording layer, the beam entering through an entrance 
fiice of the record carrier and constituting a scanning spot having an effective diameter on the 
track, the marks having lengths corresponding to an integer number of channel bit lengtiis T 
and the shortest marks having a length of a predefined minimum number d of channel bit 
lengths T for being detectable via the scanning spot having said effective diameter, the 
rec(»ding layer con^irising a pregroove for indicating the track, the pregroove exhibiting a 
wobble constituted by <fisp]acemrats of the pregroove in a direction transverse to the 
longitudinal direction of the track; and the pregroove conqnising a pregroove modulation of 
the dqrth and/or width of pregroove areas for constituting a carrier pattern containing long 
marks, tiie long marks having lengtiis of at least two times the predefined mmimum number d 
of channel bit lengths T fbr being substantially longer ibm the effective diameter of the 
scanning spot, and the carrier pattern constituting a focus area at a predefined location on tiie 
recording layer, 
the device coirtprising 

- a head (22) for providing the beam, 

- focus servo means (25) for focusing the beam on tiie track for constituting said scanning 
spot, 

- a ficont-end unit (31) for generating a scanning signal (33) for detecting marics in Ihe track, 
and 
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. a focus adjustment unit (32) for locatmg the focus area and for adjusting the focus servo 
means in dependence on an amplitude of the scanning signal due to the carrier pattern durmg 
scaimiiig the focus area. 

9 Device as claimed in claim 8, wherein the focus servo means (25) are arranged 

for focusing on one of at least a first recording layer (40) and a second recording layer (4 1) in 
the record earner, flie first recording layer being present at a position closer to the entrance 
fece to the second recording layer, and each recording layer having the focus pattern, and 
the focus adjustment unit (32) being arranged fiir, for each recording layer separately, 
locating the focus area and adjusting the focus servo means (25) in dependence on an 
anq,Utude of the scamm^g signal due to the carrier pattern during scannh^ 

the respective layer. 

10 Device as claimed in claim 8, wherein the focus adjustaient unit (32) is 
ar«nged for writing a focus test pattern and for forfher adjusting flie focus servo means (25) 
in dependence on jitter or errors detected during subsequentiy reading said test pat^ 

11 Device as claimed in claim 8, whereinihe device con^rises a pregroove 

demodulationunit (34) for retrieving, fi«mtiie scanning signal, additional information 
encoded in the pregroove modulation according to a predefined channel coding algont^ 

wHch predefined channel coding algorithm differs firom a channel coding algorithm 
representing said recorded information. 
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ABSTRACT: 



A leowd earner is for recording infij^^ 
recording layer. The shortest mark used for recording the information has a length of a 
predefined minimiim numbrar d of channel bit lengths. The record carrier (1 1) has a 
pregroove that is modulated by a carrier pattern containing long marics (18,19) that provides a 
focus area (12) at a predefined location on the recordmg layer. The long marks have lengths 
of at least two times the length of the shortest mark for being substantially longer than the 
effective diameter of the scanning spot A scanning device locates the focus area and 
determines the best focus offeet by detecting the maximum read signal amplitude vyhile 
scanning the carrier pattern. 

Figs. la+ le 
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